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Gentlemen: 

This i s  t h e  seventh  p rogres s  r e p o r t  on t h e  development 
of macroscopic waveguide cornponents f o r  o p t i c a l  systems be ing  
performed f o r  t h e  Nat lonal  Aeronautics and Space Adminis t ra t ion  
(NASA) by Wheeler I a b o r a t o r i e s  (WL) under  c o n t r a c t  NASw 888, 
This r e p o r t  covers  t h e  nonth of  September 1964. The o v e r a l l  
o b j e c t i v e s  of t h e  c u r r e n t  c o n t r a c t ,  t o  be conple ted  by 1964 NOV 
28 as desc r ibed  I n  R e f .  1 a r e :  (1) t o  determine t h e  f a c t o r s  
a f f e c t i n g  the  d e s i g n  and f a b r i c a t i o n  of  macroscopic waveguide 
and waveguide components, ( 2  ) t o  i n v e s t i g a t e  s p e c i f i c  conf igu ra -  
t i o n s  i n  o r d e r  t o  develop p r a c t i c a l  concepts  f o r  component d e s i g n ,  
and ( 3 )  t o  under take  a c t u a l  component f a b r i c a t i o n  and t e s t ing  t o  
prove t h e  f e a s i b i l i t y  of the des ign  concepts .  

Work Performed Dur ing  Current  Month. 

During the  month of September, e f f o r t  has cont inued  on 
t h e  second phase of t h i s  prograrn which invo lves  the fo l lowing  
tasks: (1) a s tudy  and performance a n a l y s i s  of  component conf igura-  

A. Analysis  of Waveguide and Waveguide Components . 
An a n a l y s i s  of a n  o p t i c a l  i n t e r f e r e n c e  f i l t e r  cons t ruc t ed  

i n  the waveguide medium has been made. Cons t ruc t ion  i n  the wave- 
guide removes the ambiguity between s p a t i a l  and frequency f i lteriw 

t i o n s ;  ( 2 )  des ign ,  f a b r i c a t i o n  and t e s t i n g  of c e r t a i n  components. e 
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i n h e r e n t  i n  such f i l t e r s  ope ra t ing  i n  f ree-space .  The expected 
perforinance of a s imple Fabry-Perot f i l t e r  i n  waveguide has been 
computed; e x p e r i n e n t a l  v e r i f i c a t i o n  i s  planned. 

The c h a r a c t e r i s t i c s  o f  a long slot d i r e c t i o n a l  coup le r  
c o n s i s t i n g  of two bisected waveguides s e p a r a t e d  by a t h i n  metal 
w a l l  w i t h  a slot have been c a l c u l a t e d .  A s l o t  of about  one c e n t i -  
meter l e n g t h  i s  r e q u i r e d  f o r  3 db coupl ing  between 100 wavelength 
waveguides. 

B. Experimental  Tes t ing .  

Three q u a r t z  slabs (2-1/2 m i l s  t h i ckness  ) f a b r i c a t e d  
from U l t r a s i l  q u a r t z  were rece ived  from Dell Optics Conpany. This 
q u a r t z  has a6 repor t ed  v a r i a t i o n  i n  index of r e f r a c t i o n  of less  
than  6 x 10- , which should be s u f f i c i e n t  f o r  s ing le  mode propaga- 
t i o n ,  These s l a b s  w i l l  be  tes ted i n  t h e  next  month. 

F i x t u r e s  f o r  t e s t i n g  waveguide bends and a d i r e c t i o n a l  
coup le r  are  being f a b r i c a t e d  f o r  u s e  w i t h  the q u a r t z  s labs .  

Exper i aen ta l  t e s t i n g  of a waveguide modulator has 
cont inued.  I n  t h e  i n i t i a l  t e s t i n g  of t h e  waveguide w i t h  n i t r o -  
benzene as a l i q u i d  core ,  i t  was not p o s s i b l e  t o  o b t a i n  s i n g l e  
mode propagat ion  because of the  l a r g e  d i f f e r e n c e  i n  index of re-  
f r a c t i o n  of the  ni t ro-benzene c o r e  and g l a s s  c ladding .  T h i s  
d i f f e r e n c e  r e q u i r e s  a n  excess ive ly  h igh  tempera ture  t o  n e a r l y  
e q u a l i z e  t h e  d i e l e c t r i c  cons t an t s  as r e q u i r e d  for s i n g l e  mode opera-  
t i o n .  However, e l e c t r o - o p t i c  swi tch ing  of h igh  o r d e r  modes has 
been observed, which i n d i c a t e s  t h e  f e a s i b i l i t y  of t h i s  modulation 
technique .  

Other l i q u i d s  which have a h igh  Kerr cons t an t ,  and  a n  
index  of r e f r a c t i o n  more c l o s e l y  matching tha t  of the glass p l a t e s  
are  be ing  obtained.  

C. Survey and Study of Waveguide Cons t ruc t ion .  

A sample of l u c i t e  r e s i n  was r ece ived  from Dupont; a t t e n p t s  
a t  c a s t i n g  t h i s  m a t e r i a l  i n  a t h i n  f i l m  a r e  planned. 

Do Conferences 

A conference wi th  R. Chase dnd o t h e r  NASA per sonne l  from 
the  va r ious  space c e n t e r s  i s  scheduled f o r  OCT 12. 



8 

Wheeler Labora tor ies  , Inc , -3 - 1964 OCT 20 

Work Planned for Next Month. 

During t h e  nonth of October, i t  i s  planned t o  cont inue  
t h e  exper imenta l  e v a l u a t i o n  of d i f f e r e n t  types  o f  waveguides and 
t h e  des ign ,  perforinance a n a l y s i s  and t e s t i n g  of c e r t a i n  components. 

and d i r e c t i o n a l  coup le r s  i s  planned. 
(1) Tes t ing  of t h e  U l t r a s i l  q u a r t z  slabs as waveguide bends 

( 2 )  

( 3 )  

Calcu la t ions  of t h e  a t t e n u a t i o n  of waveguide bends a t  

&perimental  t e s t i n g  of a s e c t i o n  of waveguide i n  tandem 

va r ious  o p e r a t i n g  cond i t ions  w i l l  be  made. 

wi th  a Fabry-Perot f i l t e r  i s  planned i n  o r d e r  t o  demonstrate  t h e  
wavegu ide - f i l t e r  c h a r a c t e r i s t i c s .  

Personnel.  

The work on t h i s  p r o j e c t  has  been c a r r i e d  on by E, R. 
S c h i n e l l e r ,  Do W, Wilmot, and H. M. Heinemann under  t h e  d i r e c t  
s u p e r v i s i o n  of H ,  W .  Redlien.  Advice and g e n e r a l  d i r e c t i o n  has  
been provided by H. A .  Wheeler and F. H. Williams. 

References.  

(1) D. W, Wilmot, R ,  A. Kapban, Development of  Macroscopic Wave- 
guide and Waveguide Components f o r  O p t i c a l  Systesm", Wheeler Iabs  
Report 1139;  A p r i l  1, 1963. 

I t  

( 2  ) E. R. Achine l le r ,  "Development of Macroscopic Op t i ca l  Wave- _. 

guide Components -- Progress  1964 February", Technica l  Letter No. 1 
t o  NASA; 1964 March 17. 

(3 ) H. W. Redlien,  "Development of Macroscopic O p t i c a l  Wavebxide 
Conponents -- Progress  1364 March", Technical  L e t t e r  No. 2 t o  NASA; 
1964 A p r i l  15. 

( 4  ) H. W . Redlien,  "Development of Macroscopic O p t i c a l  Waveguide 
Components -- Progress  1964 April ' ' ,  Technical  L e t t e r  No, 3 t o  NASA; 
1964 May 19 .  

( 5 )  E. R. S c h i n e l l e r ,  D. W. Wilmot and H. M,  Heinemann, "A 
Macroscopic Waveguide Medium f o r  Iaser System Components" , Wheeler 
Labs. Report 1209; June 19, 1964. 

( 6 )  E. R. S c h i n e l l e r ,  "Development of k c r o s c o p i c  Op t i ca l  Waveguide 
Components -- Progress  1364 May-June", Technical  k t t e r  No, 4 t o  
NASA; 1964 J u l y  23. 

( 7  ) E. R. S c h i n e l l e r ,  "Development of l%croscopic O p t i c a l  Waveguide 
Components -- Progress  1964 July",  Technical  Letter No, 5 t o  NASA; 
1964 Aug. 24. 



e 

# Wheeler Labora tor ies ,  Inc . 74- 

. 
1964 OCT 2 0  

( 8 )  E. R. S c h i n e l l e r ,  "Development of Macroscopic Op t i ca l  Wave- 
,xide Components -- Progress  1964 August" ,  Technica l  L e t t e r  
No. 6 t o  NASA; 1964 SE2 16. 

Very t r u l y  yours,  

2 4 d U  
E. Ronald S c h i n e l l e r  
A s s i s t a n t  P r o j e c t  Superv isor  

cc :  R. H. Chase (1 extra copy) 
H. Harr ison 
Dr. G. A l l e n  S a i t h  
lhncan McIver 
T r i n d e l  Ferguson 
Dr. Max Nagel 
D r .  H. H. P l o t k i n  
D r .  Wi l la rd  H. Wells 
E. J. Reinbol t  
W. L. Thompson 
NASA Represen ta t ive  (14  copies  ) 

Be thesda ,  Maryland 


